Introduction
Recently, more and more researchers have begun to pay attention to aerosol particle emissions because of the undesirable effects they have on the environment and human health. Aerosol particles, below 0.5um diameter, are difficult to be measured by traditional optical method due to weak light scattering from particles. Utilizing electrical mobility [1] [2] [3] [4] [5] of particle has become an effective method to measure the aerosol particle size distribution. A known charge distribution on every particle size should be known first. There are many approaches to carry out the charging process. For example, using radioactive source such as Kr 85 , Am 241 , and Po 210 to perform electrical separation of bipolar ions [6] [7] [8] . However, this approach also raises serious safety concerns. To solve this problem, many researchers choose either the soft-x-ray photoionization or corona discharge as the ion source. However, the expense of soft-x-ray sources limits their use [9] [10] [11] . In addition to the cost concerns, the material dependence of photoionization charging performance is also a drawback for aerosol measurements [12] . Therefore, many researchers consider the corona discharge process to be the most effective charging method for a unipolar charger.
In this study, the evaluation of the unipolar aerosol charger was investigated, which was designed by Wang and Yu [13] . First, the unipolar charger's geometrical configuration was introduced, and then, the total number concentration of particles entering the charger, neutral particles measured downstream of the working charger and all particles exiting the charger, respectively. We measured the total number concentration of particles entering the charger, neutral particles measured downstream of the working charger and all particles exiting the charger, respectively. Finally, charging efficiencies of the unipolar charger with and without migration electric field are compared.
Design of the Unipolar Charger
A schematic and three-dimensional diagram of the unipolar charger tested in this paper is shown in Fig. 1 . The unipolar charger has a geometrical configuration as differed to that of the chargers reported in the previous literatures. It consists of a charger chamber and an ion migration area. In the corona chamber, a corona needle was located at the center of a cylindrical tube. The corona needle (made of tungsten) is 1.5 mm in diameter and 35 mm long, and its tip radius is approximate 40 µm. The shell of the corona chamber is cylindrical in shape and its radius is 25 mm. The distance between the migration electrode and the corona needle tip is 3 mm. The charging chamber is cylindrical in shape and its radius is 6 mm. An adjustable high-voltage DC power was used to supply different voltage for the corona needle, while a DC power was used to supply different migration voltage for the migration electrode and the unipolar charger shell is grounded. 
Experimental Setup for Unipolar Charger
In order to evaluate the extrinsic charging efficiency characteristic of the charger [3] , experiments were carried out using the setup shown in Fig. 2 . A commercial adjustable high-voltage DC power supply (DW-N303-1ACFO, Dongwen High Voltage, China) was used to maintain a 3 kV high voltage in the corona chamber of the unipolar charger, A commercial DC power supply (4303S, GW Instek, China) was used to regulate the migration voltage of the drag electrode in the range between 0 and 50 V. Polystyrene latex (PSL) particles (Duke Scientific, USA) were generated from aerosol generation system (7388L, MSP, USA). This aerosol generation system generates monodisperse nanometer particles from 50 to 1000 nanometers in diameter. Monodisperse particles were run through an aerosol neutralizer and an electrical separator to produce neutral particles. The neutral particles then entered the unipolar charger and were charged. Finally, the number concentration of particle was measured by a condensation particle counter (CPC) (3788L, TSI, USA). The CPC measured particles in the single-particle measurement mode in the concentration range 0-30000/cc was measured using a condensation growth system and an optical system. Thirteen different sizes of PSL particles were tested in this experiment, and the measurements were repeated at least three times. The extrinsic charging efficiency η ex is defined as the fraction of originally neutral particles which emerge out of the charger carrying at least a unit of charge, and which can be expressed as follows:
Where N 1 is the total number concentration of particles entering the charger, N 2 is the number concentration of neutral particles measured downstream of the working charger and N 3 is the number concentration of all particles exiting the charger. Fig. 3 shows the experiment result of the unipolar charger. The result shows that the extrinsic charging efficiency of the charger is 18%, 47%, 35.8% corresponding to PSL particle diameters of 50, 250, 600 nm, respectively. In addition, the extrinsic charging efficiency reached a peak as for 250 nm PSL particles. The result show that the extrinsic charging efficiency of the charger increased at first and then decreased. The extrinsic charging efficiency of the charger with no migration electric field is under approximately 45%, which is lower than that of the charger with migration electric field. Table 1 shows the comparation result of unipolar charging whether include migration electric field. For small particles (50-250 nm), the extrinsic charging efficiency of the charger with migration electric field are almost equal to those of the charger with migration electric field. In particular, for large particles (250-600 nm) the extrinsic charging efficiency of the charger with migration electric field is approximately 1.2 times higher than those of the charger with migration electric field. 
Results and Analysis

Conclusion
In this study, a unipolar aerosol charger with migration electric field was evaluated. The charger has a compact structure, is convenient to maintain, and can realize the high-efficient charging of aerosol particles below 1µm. It consists of a charger chamber and an ion migration area. The migration electric field can increases the chance of ions impacting particles and this can increases the charging efficiency of particles. For large particles (250-600 nm) the extrinsic charging efficiency of the charger with migration electric field are approximately 1.2 times higher than those of the charger with migration electric field. The charger can be used in the pre-stage charging of particles on the basis of an electric migration characteristic monitoring device. The charger with migration electric field has advantages of extrinsic charging efficiency, which benefit its application in the aerosol particle charging.
